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COOPERATIVE ANALYSIS 0? NAIIOVAL BUBIAÜ 0? STANDARDS 
STANDARD SAMPLX NO. 30« (Cr-V STKL) 

ABaTRACT 

An exACtlnß analyelB was made of chromlua-vanadlua «teel for th« 
National Bureau of Standards in conjunction with their oartifioatlon pro- 
gram for standard et eels.    The Watertovn Arsenal Laboratoriee' retulti 
were satisfactory to the National Bureau of Standards and hare heen incor- 
porated hy then in a certificate of analysis for Standard Steel No. 3O0. 

SUMMARY 

The Watertovn Arsenal Laboratories hare analysed Standard Saaple 
No. 30* 'or ten elements. In eenerali the standard methods of analysis 
in uss at the Analytical Chemistry Branch ol the Watertovn Arssnsl Labora- 
tories vsrs employed. A brief outline of the methods of analysis is glvsn,* 
and a copy of the final oertificate of aaalysi« furnished by the National 
Bureau of Standards is attached (Appendix A). 
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IKTriODUOTIOy 

The National Bureau of Standards' Standard Saoples are materlalt vhloh 
have been carefully analyzed or the physical properties of which hare heoa 
precisely determined at the Bureau and in some cases, in other laboratories. 
Today more than 500 different Standard Samples of metals, ores, ceramics, 
chemicals, as veil as reference standards, are available for distribution 
to analytical and research laboratories. 

In connection with the certification of UBS Standard Steel Sample 
No. 30e, the National Bureau of Standards requested the Analytical Chem- 
istry Branch of the Watertown Arsenal Laboratories to analyse this sample 
(Appendix B). The sample was subjected to a careful and exacting analysis 
and the results (Table 1} were reported to the National Bureau of Stand- 
ards, together with a description of the analytical procedures employed. 
A letter received in reply from the National Bureau of Standards, stated 
in parts "All your results, with the exception of vanadium, are la good 
agreement with the other values we have received to date on this standard. 
Tour vanadium value is slightly outside the close limits we like to us«, 
for standard samples and we would like you to check this element at your 
convenience." 

Additional work wae done on the determination of vanadium, and the 
results were reported to the National Bureau of Standards. These results, 
together with the reeults of the determinations previously submitted, 
were incorporated in the final certificate of analysis issued by the Na- 
tional Bureau of Standarde. 

ANALYTICAL MBTHODS IMPLOYB) 

Apparatus and Reagents 

Furnace       - Burrell Electric Furnace, heated to 2050^ 
with Olobar heating elemente. 

Boats - Johnson, clay boats, U 3/U" x 5/8", lined with 
90-mesh Alundum. 

Oxygen Purlfi- - The oxygen is bubbled through a tower oontain- 
cation Train    ing a 50 percent potassium hydroxide solutioa 

to remove carbon dioxide, and is then dried by 
paesiog through a tower containing silica gel. 

Combustion Tube - McDanel Zircotube, packed with finely divided, 
ironiied aebeetoe to remove duet and oxides of 
eulfur. 



Drier - A tube contalalng aniiydroua nag^eilua p«rchlor'«t«. 

Absorption Bulb - KesMtt,  filled with Ascarite and oagaetiuii 
perchlorate to s-'OBort CRT'COU dJ.oxide, 

Accelerator - Granulated tin, JO""11«^. 

I^rocedure 

Boat« were presumed for 10 minutes and stored in a desiccator. 
Before using,  the prebumed boats were lined with alundun and again burned 
for 10 minutes.    A sample welching 1.3':3-b' was placed in the boat and about 
0.2g of granulated tin added   .s an accelerator.    The sample Wi»s given a 
two-minute preheat and burned for eight minutes in a current of oxygen 
flowing at a rate of about 300 ml per minute.    The blank was determined by 
running a standard sonple, with approximately the same percentage of carbon 
as the unknown, by the came method. 

On preliminary runs the average was 0.5l6£C, but after dsgreaslng 
the sample by washing the chips vith ethyl ether,  the percent carbon dropped 
to 0.510; this showed that the sample was slightly contaminated. 

Molybdenum 

After solution of a (\O30Oc sample in perchloric »old and reduction of 
ferric iron with stannous chloride, sodium thiocyanate was added to derelop 
the molybdenum thiocyanate complex.   The transmittancy of the unextracted 
solution was then measured at kCOanx with a Coleman 108 epectrophotoaeter 
and the concentration of molybdenun determined by reference to a calibra- 
tion curve based on standard steels.    The method was that of Murray and 
71go9. 

Phosphorus 

Two methods for determining phosphorus were employedt 

Method I     -   Tho alkalimetric method described by Lundell, 
Hoffman, and Bright^: 

it two-gram sample was dissolved in nitric add, the phos- 
phorus precipitated ae ammonium phosphoraolybdate,  filtered, and the preci- 
pitate titrated with a solution of sodium hydroxide which had been stand- 
ardized against standard steels.    A modification proposed by lundell, 
Hoffman and Bright for alloy steels uses ferrous sulfate and sulfurous 
acid.    This modification was not followed since previous experience at 
Vatertown Arsenal Laboratories had Indicated that It gave high and erratic 
results. 



Method B  - The alkalimetric method of the ASTK2» 

A two-^raa sample was dissolved in perchloric acid, fuaed, 
And the phosphorue precipitated an the phoephoiüolyhdate and finished as 
above, filtration of the sarnie after fiuning and treatment of the solution 
with potassium permanganate and sulfuroos acid, at recommended by the ASIN, 
has not been found necessary and was not done. 

Sulfur 

Satermination of sulfur was made by both evolution and combustion methods: 

Method A     -   The evolution method used was that described by 
Lundell, Hoffman and Bright^.    A five-gram sample of steel was dissalved 
in hydrochloric acid and the evolved hydrogen sulflde was reacted with 
cadmium chloride to form cadmium sulflde, which was titrated with an iodate 
solution.   The iodate solution was standardised ogainst potassium dlchro- 
aate through sodium thiosulfate solution. 

Method B     -   The combustion method was similar to that employed 
by the ASTM for stainless otcelo3.    The furnace, a Dietert electric furnace 
with Olobar heating elements, was heated to 2600°'.    The titrating solution 
was standardized against standard steels. 

Silicon • 

Silicon was determined on a U.^/Z-g sample by double dehydration with 
perchloric acid and volatilization with hydrofluoric acid.    A bleak was 
determined on the reagents and used to correct the silicon value.   The       - 
method used followed closely the procedure of Lundell, Hoffman, and Bright". 

rirtfll 

A four-gran sanple was dissolved in hydrochloric acid and the solution 
was oxidised with nitric acid.    After the addition of tartaric acid and 
neutralisation with ammonia the nickel was precipitated with an alcoholic 
solution of dlmethyltjlyoxlme.    After standing at roon temperature for 20 
hours the precipitate was filtered through a tared,  frltted-glass crucible, 
dried at 1300C for two hours, and welched. 

Manganese 

The persulfate oxidation as recontiaended by the ASTM1 was the method 
which was finally used and which provided the submitted results.   A one- 
gram sample was dissolved in sulfuric and phosphoric acids,  and the man- 
ganese was oxidised with annonlun persulfate in the presence of silver nitrate. 
The permanganic acid was reduced with on arsenlte eolution which had beta 
standardized against standard steels. 

  



Preliminary determinations vcre ami» by the Watertown Arsenal Labora- 
tories1 .aetliod, vhich is verj' similar to the ÄSTI-: method except that a 
sualler carrole v/eljht, 0.200g.  io used.    Tventy-tvo runt averaged O.796 
percent nanganese. 

k number of determinations were made after a preliminary separation 
with zinc oxide to rci.ove the chromiun, vhich is utually considered to 
interfere with the final titrat ion.    Fourteen runs averaged 0.795 percent 
manganese. 

Chromiun 

A two-gram saraple wae dissolved in sulfuric and phosphoric acids, and 
the chromium was determined by amnoniun persulfate oxidation and titration 
with excess ferrous amaonlum sulfate and potassium permanganate. 

The potassium pemanganato solution was standardised against sodium 
oxalate and checked with standard steels of coupoiition elmilar to the 
unknown. 

The method was that dencrilied oy Lundell, Hoffman,  and Brlßht'. 

Oouper 

Ten-^ram sarni^lcs of Sarule jOe and of standard samples of similar com- 
position were analyzed together.    The samples vere dissolved in dilute 
sulfuric acid (1:9)  nnd the copper was    ivcipitated with sodium thiosulfate 
solution.    After solution of the precipitate,  the copper was separated 
from the iron and chromiuM with ammonia.    The copper was determined gravi- 
metrically by electrolysis of the solution.    The results on ths standard 
samples were low and erratic,  duo praBomably to co-preoipitatlon of copper 
with iron and chromium. 

Copper determinations on anotler set of standard samples,  incorporating 
a double precipitation of iron and chromium with ammonia to recover co- 
precipitated copper,  showed good ngreement with the certificate values for 
copper. 

Vanadium 

Method 4     -   This method utilized the solution remaining after the 
chromiun determination,  according to the method deecribed by Lundell, 
Hoffman, and Bright".   The vanadium was reduced with ferrous aasoniua 
sulfate, the solution treated with ammonium persulfate and titrated with 
standard potassium permanganate solution.    The results were in good agree- 
ment, and were reported to the rational bureau of Standards. 

Method B     -    It was also desired to determine vanadium by a direct 
method.    Therefore, Pigott'elO method using sodium fluoride, urea» and 



dlphenylamine sulfonate was tried. The results obtained from the known 
standards wore low and erratic, and were not reported. 

Method C - This was the same as Method A. except that four-gra«' 
samples were taken. Since the amount of vanadium found In standard 
samples ty this method was about O.OOU percent too high, the following 
methods (D, E, and 7) were tried. 

Method D - This method employed a cupferron separation of vanadituD 
from a ten-gram sample followed by perchloric acid oxidation. This method 
yielded low and erratic results on standard samples. 

^ethod | - Potentiometric titratioa of vanadium was unsuccessful 
because of inadequate instrumentation. 

Method J   -   This method employed a bicarbonate separation of vana- 
dium from a ten-gram sample, and oxidation with ammonium persulfate In the 
pretence of silver nitrate. The tltration was performed at described In 
Method A. This method gave good results on standard samples and was applied 
to the determination of vanadium in 30a when the National Bureau of Stand- 
ards requested a recheck of the vanadium. A new set of values based on 
this method was reported to the National Bureau of Standards. Their reply 
Indicated excellent agreement of this set with their tentative value for 
vanadium. 
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TABLE  I 

»iMALYTim  HESilfS 

PCICEIT rouio .fVLMIt 
0.810 

eciTiriCATC 
VALUE 

Carbon 0.508 
.510 
.50« 
.506 
.508 

0.510 
.510 
.512 
.510 

0.512 
.912 
.912 
.910 

0.509 

Manganese 0.79« 
.792 
.792 
.788 

0.792 
.791 
.790 
.790 

0.788 
.793 
.792 
.792 

0.791 0.786 

Phosphorus 
Method A 0.025 

.02« 

.02« 

.02« 

0.02« 
.02« 
.02« 
.023 

0.02« 
.023 

0.0211 0.026 

Method e 0.025 
0.025 

0.02« 
0.02« 

0.029    . 0.026 

Sulfur 
Method A 0.036 

.036 

.03« 

.035 

0.035 
.036 
.035 
.035 

0.039 
0.039 

0.039 0.0)0 

Method B 0.03« 
.03« 
.032 

0.033 
0.03« 
0.035 

0.0)4 0.0)« 

Silicon 0.268 
.265 
.266 

0.269 
0.267 
0.269 

0.266 0.2«« 

Copper 0.091 
.092 
.090 

.091 

.092 

.092 

0.091 .0M 

Michel 0.023 
.02« 
.023 

.023 

.023 

.025 

0.024 0.027 

Chromium 0.937 
.937 
.937 

.«M 

.939 

.939 

.940 

.937 

.939 

0.937 0.9)« 

Vanadium 
Method A 0.19 

.16 

.16 

0.16 
.16 
.19 

0.19 
.16 
.1« 

O.U 0.U9 

Method f 0.146 
.1«8 
.U8 

o.ua 
.IM 
.1U 

0.14« 0.14« 

Molybdenum 0.008 
.008 
.00« 

0.008 
.00« 
.COS 

0.000 0.007 
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1. Fcrroui Laboratory. National Bureau of Standards. 
Analytik by 1.1. Shults, H. Jacobton and I.. Machlan. 

2. 0. W.  Baldwin, Chief Chemiit, United Sutet Steel 
Corporation, Gary Steel Workt, Gary, Ind. 

). E. B. Burger, United State» Steel Corporation, Home* 
ttead District Works, Homettead, Pa. 

4. W. W. Clarke, Latrobe Steel Company, Latrobe, Pa. 
5. J. E. Spittle, Ford Motor Company, Dearborn, Mich. 
6. C. H. Cramer, United Engineering and Foundry Com- 

pany, Vandergrift, Pa. 

7. C. H. Fiuwilton, United Sutet Steel  Conoratk«, 
Columbia-Geneva  Steel   Division,   San   Franciaco, 
Calif. 

8. R. F. Lab and A. C. Hale, Copperweld Steel Company, 
Warren, Ohio. 

9. F. J. Clean, Crucible Steel Company  of  America, 
Midland Workt, Midland, Pa. 

10. S. Vigo tnd E. F. Jnoobaon, Watertown Anenal, 
Watertown, Mats. 

The steel for the preparation of this standard was furnished by the United Sutet Steel Corporation. 
WatniMCTOM, D. C, March IS, 1955. A. V. Asnii, Dintm. 
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0 APKTJDIX B 
0 
* U. S. S£PiRTHEXIT OF COMSRCB In your reply 

T NATIONAL BURSAU 07 STAL^AUDS Refer to File 
Decentoer 30, 1953 *«• S-1* 

Nr. S. Vlgo,  Chealcal Laboratory 
Vatertovn Arsenal 
Watertown,  Massachusetts 

Subject:    Cooperative Analyels of BBS Chromlum-Tanadlum 
Steel.  30e. 

Sear Mr. Vlgot 

under separate cover we are forwarding you a portion of HB8 Standard 
Chromium-vanadium steel 30e.    We ask the cooperation of your laboratory in 
the analysis of this steel for carbon, manganese, phosphorus,  sulfur,  sili- 
con, copper, nickel, chromium, vanadium and molybdenum.    Values for sulfur 
by the evolution method should be based on the theoretical titro (for ex- 
ample, through potassium dichromate or sodium ozalate) instead of a stand- 
ard steel or Iron. 

The National Bureau of Standards will furnish to cooperating analysts, 
free of charge and upon request, any HBS Standard Samples they may with to 
use In the work.    A list of these standards is enclosed.    Please note that 
standard 30d Is out of stock,  and cannot be furnished. 

If convenient, we would like to hare reports by February 20.    Please 
include with your report a brief outline of the methods employed.    These 
should Include (l) weights of sfople,  (2) all steps of the method,  (3) 
method of standardising each volumetric or photometric method, and (U) for 
carbon (a) the blank (g. of COg) and (b) the temperature of the oombuetion 
operation.    The carbon values reported should be the net value,    fo aid our 
records on the accuracy obtained In chemical analysis, it is desired that 
the results of all individual determinations be reported,  except when known 
sources of errors such as spills or faulty endpoints are encountered.     Zf 
a number of runs were made at different times by the same or different an- 
alysts, please indicate by grouping the results as set 1 (operator A)t    set 
2 (operator A or B) etc. 

Will you please advise whether you will be able to cooperate in the 
analysis of this standard. 

Tory truly yours, 

Enclosure sAt/   John L. Hague, Assistant 
Chief 
Analytical Chemistsy Section 
Division of Chemistry 

B-l 
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